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In seeking to determine the role of factor and function in adaptation in nature, the first step has been to deal under control with one factor, and the function directly concerned, by equalizing the others. As an outcome of the results thus secured, it has been possible to modify the method to take into account two variables, such as light and water, in the hope of evaluating their respective roles. This is particularly desirable in the case of adaptation to shade, in which reduced light intensity has generally been regarded as the controlling agent, with little or no consideration of water relations. Since water serves both as a raw material and as a mechanical force in growth, it would seem on theoretical grounds to play a significant part in such modification. This assumption has been borne out by the behavior of ecads in nature and especially by that of transplants in shade at times and seasons when the water content was deficient. The present account deals with the investigation of the mutual relation of light and water as exhibited by growth and modification in a series of lath-houses, which have been found to afford better control than cloth tents.
Experimental technique
The standard phytometer method was employed, in which are utilized galvanized iron containers 8.5 inches wide and 11 high, provided with removable lids containing a 2-inch hole to accommodate the stem and a watering tube. A layer of coarse gravel an inch thick was placed in the bottom of the can and the weight of the latter then adjusted to a total of 2000 gm. by varying the gravel. Air-dry loam to the amount of 6600 gm.
was added, together with 132 gm. of water or 20 per cent. of the dry weight, and the containers left over night to permit even penetration. In filling each can, the glass tube 1.5 cm. across was held against the bottom to prevent clogging and was raised a half centimeter at the first watering to allow ready absorption.
After soaking the sunflower seeds over night, five were placed near the center of the container and allowed to germinate in the greenhouse. By two weeks after planting, the first pair of true leaves were well developed, and all but one of the seedlings in each can were pulled out. In this operation much care was takeni to select individuals for uniformity in height and the size of the leaves. In order to test the role of water in combination with another factor, a third subseries of the same four holards was grown under three wind conditions, namely, 0, 5, and 10 miles per hour. Apart from the 5-mile wind under 13 per cent. water content, the results as to growth and water requirement were practically all consistent. Stem height and width gave a negative correlation with increasing velocity, the two being in harmony with each other instead of opposed, as in the case of light. The leaf area and number also fell off as the wind velocity rose, as did wet and dry weight, while the water requirement was augmented. The total transpiration was highly variable, but the water loss per cm.2 rose with much regu- 100, 99, 78, and 58, and 100, 82, 61, and 49. Dry weight finds its iiaximum of 121 per cent. in 26 per cent. holard, falling then. to 65 and 28, but for the light gradient it falls regularly and quite consistently from 100 to 45, 16 and 7 per cent. The grand averages for area and number of leaves drop with almost complete regularity for each factor, but while the five largest leaves for 35 per cent. holard are found in the sun, for all other water contents they occur in 32 per cent. light. There is evidently a negative correlation between the expansion of the leaf and its thickness, but there are several difficulties in the way of the ready determination of the latter. These reside chiefly in the leaf itself and especially in the complication introduced by the veins. Variations in turgor are a further source of error, as is also the actual technique of measuring thickness on leaves in position. If allowanee be made for shrinkage, the simplest method is to make measurements on microtome sections from representative areas on which to base a range or average. The histological material obtained from the various series is yet to be worked up in connection with similar adaptations in native transplants, but a preliminary study of leaf thickness has been made for series V. The averages for each holard gradient in the four light intensities are in fair correspondence with the latter, the thickness falling rapidly from sun to 32 and 16 per cent. and then slightly to 8 per cent., viz., 0.2923, 0.2462, 0.2016, and 0.2002. Relative roles of water and light In all the series, it is obvious that water plays a considerable part in the elongation of stems and the expansion of leaves. This is naturally to be expected, chiefly on the basis of its mechanical action in turgor, but to some extent also because of its use as raw material, and this is supported by the responses in both native and control cultures. More difficult of answer, how-ever, is the question as to the respective importance of water and light in growth under reduced light intensities. Probably the frequent statement that plants stretch up in the shade in order to secure more light is intended to be more or less figurative, but the response is so graphic as to seem to lend support to this explanation. The major objective of the present investigation is to discover whether the relation to each of the factors permits quantitative expression. From the foregoing, the conclusion seems warranted that variations in holard exert a minor effect upon the amount of material for the construction of stems while light plays the paramount role. On the other hand, the mechanical action of water is increased as the resistance offered by materials drops in proportion to photosynthesis. This would seem to find expression chiefly in the stem where the ratio between dry matter and sapcontent is low by contrast with the leaf where the ratio is high. This is further indicated by the small differences in the averages for largest leaves and leaf areas (table IV) . However, the results obtained during the past fifteen years in growing nearly a hundred species in lath-houses, length-ofday tents, in water and nutrient sequences, as well as a much larger number in transplant gardens, demonstrate that there may be considerable differences in behavior between species and genera as well as between life forms.
The major role assumed by the holard in the elongation of shoots serves to explain several apparent contradictions in the behavior of transplants, as well as of species subjected to factor gradients. At the outset it was expected that the transfer of alpine dwarfs from the summit of Pike's Peak to the plains at 6000 ft. or to the sea coast at Santa Barbara would produce an increase of stature. This did not happen in most cases and it was soon realized that this must be due to increased transpiration in the presence of a holard often tending toward a deficit. In short, the striking change of climate had little or no effect upon elongation except during wet seasons, and to modify the dwarf habit effectively it became necessary to maintain an adequate water content. As to the prevalence of dwarfing in the alpine tundra itself, it had been earlier discovered that this was characteristic of climax and subelimax communities. Wherever disturbance reduced competition for water, as in the so-called "gopher gardens," or the supply was adequate as in wet meadows, the stature increased from tw-o to fourfold, to equal that at much lower altitudes.
The controlling influence of water has also become more and more evident in natural shade gardens located in the spruce climax at 8000 ft. At the time of installation it was assumed that survival would be greater and modification more rapid than in transplanting into the sun, but the reverse often proved true, especially as to survival. This was found to be due to high interception of the frequent but light showers by the canopy and even more to the thick layer of needles and duff that decreased penetration to the root level. It was thought to cure this by sprinkling, but it finally became necessary to remove much of the duff to assure a proper water content. This accomplished, the shade gardens became the most prolific in striking modifications and pointed the way to the greater control and success achieved by means of lath-houses at the three altitudes.
Summary
Phytometer batteries of sunflowers have been employed in combinations of four degrees of holard with four of light to determine the respective roles of these two factors in the apparent response to shade. The results obtained indicate that water assumes the major role in stem elongation, and light the larger part in the production of dry matter, the two necessarily cooperating in the adaptation characteristic of shady habitats. 
